Total mercury (Hg) and stable isotopes of nitrogen and carbon were determined in the muscle tissue of 50 species of fishes and invertebrates collected at two sites along the Florida reef tract from April 2012 to December 2013. The objective was to test the hypothesis that high biodiversity in coral reefs leading to complex food webs with increased lateral links reduces biomagnification. However, Hg levels ranged as high 6.84 mg/kg. Interestingly, it was not highest in great barracuda (Sphyraena barracuda), considered the top predatory fish, but instead in small porkfish (Anisotremus virginicus), possibly due to their role as a cleaner fish. Trophic magnification slopes (TMS; from regression of log Hg on δ 15 N) as a measure of biomagnification did not differ between sites, ranging from 0.155 ± 0.04 (± 95% CI) to 0.201 ± 0.07. These TMS also were within the ranges of slopes reported for food webs in other ecosystems; thus, biomagnification of Hg in muscle tissue was not reduced in the system.
Mercury (Hg) is a persistent toxic metal that is a global problem due to its atmospheric residence time and long-range transport, deposition, and eventual methylation by microbes (Driscoll et al. 2013 ). Exposure to methylmercury (MeHg), the organic form of Hg which biomagnifies through a food web, has several potential detrimental effects in humans (Oken et al. 2008 ; for review, see Karagas et al. 2012 ) and wildlife (Adams et al. 2010; Scheuhammer et al. 2015) .
Factors controlling the biomagnification of MeHg and resulting concentrations occurring in apex predators are highly variable as evidenced by the occurrence of biological hotspots (i.e., "a location on the landscape that, compared with the surrounding landscape, is characterized by elevated concentrations of Hg in biota that exceed established human or wildlife health criteria" (Evers et al. 2007 ). These factors include variability in mass loading of inorganic Hg, environmental conditions affecting biogeochemistry and net methylation rates, and the bioavailability of both inorganic and resulting organic forms (Evers et al. 2007; Chen et al. 2012; Heyes et al. 2006; Hollweg et al. 2010) . Additionally, differences in community productivity and structure are thought to influence the degree of biomagnification. Primary and secondary production, species diversity, food chain length and complexity (i.e., number of trophic links per species) are all believed to be influential factors affecting biomagnification efficiency (Cabana et al. 1994; Stemberger and Chen 1998; Al-Reasi et al. 2007 ). For example, Cabana et al. (1994) found fish in lakes with longer food chains have higher Hg concentrations than fish from lakes with short food chains. In another study of fish from different lakes, Stemberger and Chen (1998) found Hg biomagnification was positively associated with food chain length; however, they also found concentrations were negatively correlated with the number of feeding links between species. They suggested that structurally complex food webs, comprising many lateral links, may attenuate the degree of biomagnfication due to pathways that do not lead to top predators (Stemberger and Chen 1998) . Other studies have subsequently argued that lower biomagnification in certain ecosystems may be attributed to more complex food webs (Al-Reasi et al. 2007; Lavoie et al. 2013) .
The number of studies of the influence community structure has on biomagnification have steadily increased over the past two decades with the application of the stable isotope approach (SIA) to quantify biomagnification through entire food webs (quantified as the trophic magnification slope from the linear regression of log transformed Hg concentration on δ 15 N; for review, see Jardine et al. 2006 ; Borgå 1 3 et al. 2012). However, a recent world-wide meta-analysis of these studies (Lavoie et al. 2013) revealed that the majority have been conducted in temperate, freshwater lakes (51%) as compared to tropical marine sites (4%). Coral reef communities, such as those found in the Florida Keys, are among some of the most taxonomically diverse ecosystems in the world (Starck 1968) . Starck (1968) , for example, recorded 517 species at Alligator Reef, Florida that made it the richest known fauna in the "new world" at that time. As such, coral reefs with large choice of prey for a given consumer are ideal for investigating the effect that food web complexity has on biomagnification. Moverover, numerous adaptations and symbioses among autotrophs and mixotrophs lead to efficent recycling of nutrients that allows coral reefs to be some of the most biologically productive ecosystems while inhabiting waters that are generally low in nutirents (Odum and Odum 1955; Johannes et al. 1972) . Although a limited number of studies have surveyed Hg concentrations in coral reef biota (Strom et al. 1992; Guzmán and Garcia 2002; Chouvelon et al. 2009; Berry et al. 2013; Morrison et al. 2015) , to our knowledge, SIA has not been applied to these systems to assess their efficiency (vulnerability) for biomagnification.
The purpose of the present study was to survey Hg concentrations and stable nitrogen isotopes across a range of trophic positions at two sites along the Florida reef tract to test the null hypothsis that there was no differnce in the biomagnfication efficiency (i.e., TMS) compared with other ecosystems within the region (Hong et al. 2013; Thera and Rumbold 2014; Rumbold et al. 2018 ) and elsewhere (Lavoie et al. 2013 ).
Methods

Study Area
Biota were collected from two sites within the Atlantic coastal waters of Long Key, Florida (Fig. 1) . This region lies along the Florida Straits and separates the Atlantic Ocean from the Gulf of Mexico. While the Florida Keys are characterized as subtropical based on their latitude, the marine fauna have been characterized as tropical (Starck 1968) . Habitat at the two sites differed. The nearshore shallower site (4-5 m), designated as Long Key Hard Bottom (LKH), is located next to a channel marker (Channel 5; red #44) and characterized by exposed hard substrate with soft-coral, sponge and macroalgal cover. The slightly deeper (6-7 m) offshore site, Tennessee Reef Lighthouse (TRL), is a bank reef with moderate cover of hard coral, soft-coral, sponge, and macroalgae on a sandy bottom. The reefs along Florida Keys are impacted by fishing and habitat degradation from other human activities (Cowie-Haskell and Delaney 2003) .
Water-quality data from nearby sites (collected by others) are summarized in Supplemental Information (Supplemental Table S1 ).
Sample Collection and Processing
Samples were collected from April 2012 to December 2013 as part of a larger project investigating ciguatoxins bioaccumulating in reef fauna, with the sampling requirements of this larger study taking precedence. Sampling targeted a representative food web comprised of a variety of trophic levels and feeding guilds of invertebrates, e.g., suspension feeders and omnivores, and fishes, e.g., herbivores, invertebrate feeders and piscivores (Hoese and Moore 1998 ; feeding guilds based on Micheli et al. 2014) . The result was an assortment of primary reef species and in-shore species (some of which exhibit an ontogenetic shift from coastal bays to offshore reefs; Starck 1968) .
Collection methods included hook and line, spear-gun, hand collection by SCUBA divers and adhered to protocols approved by the University's Institutional Animal Care and Use Committee (IACUC). Sampling was done monthly. Once biota were returned to the boat they were placed in a labeled, ziplock-type plastic bag and immediately put on wet ice until returned to Florida Gulf Coast University for further processing.
Once back in the laboratory, organisms were identified to species or to the lowest practical taxonomic level using dichotomous key or identification guides (Hoese and Moore 1998) . Fish were then weighed and measured using a measuring board or tape (± 0.1 cm) and digital balance (± 0.1 g) or Pesola spring scale (± 10 g). Muscle tissues were sampled from the left side of the fish above the lateral line and anterior to the dorsal fin, i.e., representative of a fillet, if collected for consumption by humans. Forage fish or secondary consumers were treated in an identical fashion with removal of a small amount of muscle tissue for analysis. Invertebrate samples also were measured (depending on the taxon; carapace length or width of crab species, or shell length of mollusks, i.e., longest axis depending on species) and weighed before the removal of soft inner tissues from the hard exoskeleton or shell (to ensure that similar sized individuals were repeatedly sampled); muscle tissue was sampled from invertebrates (rather than organs or homogenate). Ideally, trophic transfer studies should be based on whole-body concentration rather than just muscle tissue; however, attempting to obtain a representative sample from grinding up and homogenizing large game fish (which sometimes exceeded 130 cm and 14 kg in the present study) is somewhat impractical. Previous studies have combined Hg data from whole-body and muscle tissues (Riget et al. 2007; Chumchal et al. 2011; Karimi et al. 2013; Thera and Rumbold 2014; Rumbold et al. 2018 ). The present study opted for internal consistency and analyzed only muscle tissue. Although not tested here, this obviated any possible influence digestive tract contents might have had in Hg concentration (particularly in small organisms) and (as discussed below) likely reduced variability in the percent of THg as methylmercury particularly with invertebrates (Bloom 1992; Wiener et al. 2003) .
All equipment was thoroughly rinsed with tap water then dried with a paper towel to remove excess tissue between samples. Upon completion, samples were frozen at −20 °C in labeled scintillation vials and processed within 6 months.
Analytical Methods
Samples were analyzed for total mercury content (THg, i.e., all forms of Hg) using a Nippon Model MA-2000 (College Station, TX). Briefly, known weights of wet tissues were loaded into sample boats then dried and thermally and chemically decomposed in Nippon's two-stage furnace. Scrubbed air then carried decomposition products to a gold amalgamator where they were concentrated until its temperature was raised to desorb the mercury vapors for quantification via atomic absorption spectrophotometry measured at 253.7 nm (i.e., EPA method 7473). Calibration curves were generated using varying masses of the following Certified Reference Materials (CRMs; National Research Council Canada, Institute for National Measurement Standards, Ottawa, ON, Canada): DOLT-3 (Dogfish Liver) or DORM-3 (Fish Protein) or DORM-4 (Fish Protein). These same CRMs, and in one case IAEA-086 hair (International Atomic Energy Agency; Vienna, Austria), also were used for continuing calibration verification at the start and at the end of every batch of 20. Other quality control check samples run during each batch included blanks and duplicates. The correlation coefficient of initial calibration averaged 0.9989 (n = 12); percent recovery of continuing calibration verification check samples was 103% ± 15.4% (n = 60); relative percent difference (RPD) between laboratory duplicate analyses was 7.3 ± 9% (n = 31).
Much of the Hg in muscle tissues of higher trophic level fish (as opposed to whole fish) has been found to be in the methylated form (Grieb et al. 1990; Bloom 1992; Sveinsdottir and Mason 2005; Hammerschmidt and Fitzgerald 2006; Bank et al. 2007 ). Not surprisingly, because the analysis is more straightforward procedurally and less costly, THg very often is determined in fish tissues and generally considered a proxy for MeHg (Wiener et al. 2003; Farmer et al. 2010; Fry and Chumchal 2012) . Alternatively, the percentage of THg that is MeHg (i.e., %MeHg) is known to be much more variable and often lower in invertebrates, again depending on the tissue analyzed (Wiener et al. 2003; Chumchal et al. 2011; Apeti et al. 2012; Thera and Rumbold 2014) . Accordingly, values of THg measured in the four species of collected invertebrates were adjusted to be equivalent to MeHg based on taxon-specific average %MeHg reported for invertebrates by Thera and Rumbold (2014) . That study quantified both MeHg and THg in gastropods, bivalves, crabs and shrimp. The taxon-specific ratios of THg:MeHg reported by Thera and Rumbold (2014) were consistent with average %MeHg recently reported for 18 species of mollusks and crustaceans as measured by USGS (Rumbold et al. 2018) .
Tissue processing and analytical determination for stable isotopes of carbon and nitrogen followed previously published protocols (Jepsen and Winemiller 2002; Evers et al. 2009 ). Isotope ratios ( Stable isotope analysis (SIA) of nitrogen has previously been used to investigate trophic position and to assess the efficiency by which Hg biomagnifies through different food webs (for review, see Jardine et al. 2006) . Previous studies have sometimes standardized δ 15 N based on values in a local, primary consumer. This is particularly important where δ 15 N signatures vary over space due to anthropogenic inputs (Chang et al. 2002) . Those studies also sometimes translate δ 15 N to trophic level using an average diet-tissue discrimination factor (or enrichment factor). This also allows for estimation of a food web magnification factor (FWMF, i.e., slope of logHg on trophic level) and basal Hg entering the food web based on the y-intercept. However, because of the growing debate about the choice of an "averaged" diet-tissue discrimination factor (Wolf et al. 2009; Matley et al. 2016 ) and since δ 15 N signatures differed only slightly between food webs, the present study did not standardize or adjust δ 15 N or estimate a FWMF. Standardizing the δ 15 N changes the intercept but does not change the slopes (i.e., TMS). Rather than estimating basal Hg from the y-intercept of FWMF, which is very sensitive to the slope (Lavoie et al. 2013) , we relied on Hg concentration measured in primary consumers.
Data Analysis
Unless otherwise noted, total-Hg concentration (hereafter designated as [Hg] ) was reported in ng/g on a wet weight basis.
[Hg] often increases with increasing fish size (intraspecifically; Karimi et al. 2013; Thera and Rumbold 2014) necessitating the use of analysis of covariance (ANCOVA) when making comparisons to partition the variance due to the covariate. However, use of ANCOVA is predicated on several critical assumptions, including sufficient sample size and range in the covariate that was not achieved in this study. Simple linear regression was used to examine how well the continuous variables, e.g., total length, δ 15 N, and δ 13 C, explained the variance in [Hg] (based on the coefficient of determination, r 2 ; presented in Supplemental Information). Assumptions of normality and equal variances were assessed first by Kolmorogov-Smirnov and Levene median test, respectively. Where necessary, [Hg] was log transformed to achieve normality or homogeneity of variance. Likewise, linear regression analysis was used to describe the relationship between log[Hg] versus δ 15 N for food webs at each site. ANCOVA was used to determine if slopes of these relationships (hereafter termed trophic magnification slope or TMS) differed. Data analyses were performed using Sigmaplot for Windows Version 11 software (Systat Software) or SPSS Statistics version 24 (IBM).
Results
A total of 242 samples of biota were collected from the two sites (n = 131 at TRL and 111 at LKH) comprising 50 different species of mostly fishes but also 4 invertebrate species (Tables 1 and 2 ). Each site was represented by 33 species with only 16 species captured at both sites; however, LKH had more species represented by a single individual. More importantly, despite efforts to balance sampling regarding feeding guild, LKH was heavily represented by invertebrate feeding fish (70% based on individual data points, Table 2 ) compared with TRL where there was a higher representation of herbivores (21%) and piscivores (24%; Table 1 ). This bias also was evident in δ 15 N clustered in the middle of the distribution at LKH (Tables 1 and 2 ; Supplement Fig. S2 ).
All biota had measurable [Hg] in their tissues ranging as high as 6842 ng/g in a porkfish (for species names, see Tables 1 and 2 ) from TRL. Curiously, the next two highest observed [Hg] also occurred in porkfish (3477 ng/g and 4353 ng/g) that were relatively small (average TL of these 3 fish was 20.4 cm). By comparison, the next seven highest [Hg] were observed in much larger great barracuda also from TRL (avg. TL = 109 cm; Table 1 ).
A positive relationship between log [Hg] and increasing TL was statistically significant for only two of seven fish species caught at TRL (where sample size was sufficient for analysis, n ≥ 5; Supplemental Table S2 ): bluestriped grunt (n = 6, r 2 = 0.733, p = 0.03) and great barracuda (n = 13, r 2 = 0.542, p = 0.004). Three of six fish species at LKH (where n ≥ 5) exhibited a statistically significant relationship between log [Hg] and TL (Supplemental Table S3 ): Bermuda chub (n = 10, r 2 = 0.397, p < 0.05), porkfish (n = 5, r 2 = 0.732, p < 0.05), and yellowtail snapper (n = 12, r 2 = 0.342, p < 0.05).
Of the 16 species captured at both sites, only 5 were sampled in sufficient numbers (n ≥ 3) to allow for statistical comparisons in [Hg] between locations: Bermuda chub, bluestriped grunt, hogfish, porkfish, and white grunt. Clearly these comparisons must be done cautiously and consider size distribution of the fish caught at the two sites. As reported above, none of sampled species exhibited a significant regression of log[Hg] on TL at both sites that would allow for use of ANCOVA to partition the variance due to size differences. Accordingly, between-site differences in TL were assessed for each species prior to comparing [Hg] . Neither fish TL or [Hg] differed statistically between sites in bluestriped grunts, porkfish, or hogfish (results presented in Supplemental Information). While both Bermuda Chub and white grunt caught at TRL were statistically larger than fishes from LKH (60 and 24% larger, respectively; Tables 1  and 2) , [Hg] did not differ significantly in fish between sites (results presented in Supplemental Information).
Between-site difference in [Hg] also was assessed in primary consumers (i.e., suspension-feeding bivalves): frond oysters from TRL (n = 5, 34.32 ± 4.0 ng/g) and, to increase sample size, bivalves pooled across species from LKH (e.g., Atlantic wing oysters, n = 3; crested oyster, n = 1; frond oyster, n = 1; 39.57 ± 10.2 ng/g). The between-site difference in [Hg] in these primary consumers, as a gauge of basal Hg entering the food web, was not statistically significant (t = − 1.07, df = 8, p = 0.32). Interestingly, as reported below, sample size and statistical power was sufficient to discern a significant difference in δ 15 N values in bivalves between the two sites (Mann-Whitney rank-sum test, U = 2.00, p = 0.03).
Cross-plots of δ 15 N versus δ 13 C revealed interesting isotope signatures in biota from the two sites (Fig. S1 ). Invertebrates tended to be depleted in 15 N compared to fish. The exceptions to this were spiny lobster and the Florida Horse conch (Fig. S1) . The stoplight parrotfish (caught at TRL only) had the lowest average δ15 N values for a fish and had mean [Hg] lower than that of the frond oysters ( Table 2 ).
Like the relation observed between [Hg] and TL, larger fish within a population tended to be more enriched in 15 N than smaller fish; however, the relationship was statistically significant only in blue tang (Supplemental Tables S2  and S3 ). Although δ 15 N differed in bivalves between sites (see above), δ 15 N did not differ between sites in the five fish species common to both sites (where n ≥ 3: Bermuda chub, bluestriped grunt, hogfish, porkfish, and white grunt; results presented in Supplemental Information). Stable isotopes of carbon (δ 13 C) were also analyzed in all samples to assess potential differences in carbon source (nearshore versus offshore, benthic versus pelagic) that might further explain observed variability in [Hg] . While δ 13 C values were general lower in suspension feeding bivalves and herbivorous fish and more variable at LKH, they did not appear shifted as compared to TRL (Fig. S1 ). Only 2 of the 13 fish species analyzed (where n ≥ 5) showed a statistically significant relationship between δ 13 C and Hg: the blue tang (n = 13, r 2 = 0.319, p = 0.04, negative slope) at TRL and the Bermuda chub (n = 10, r 2 = 0.428, p = 0.04, positive slope) at LKH (Supplemental Table S2 ).
As expected, much of the interspecific variation in [Hg] was related to δ 15 N (Tables 1 and 2 ; Fig. 2) . A statistically significant, positive relationship between Log [Hg] and δ 15 N was evident at both locations (Fig. 2) . To reduce potential bias resulting from disproportionate number of herbivores and piscivores at the two sites, trophic magnification slopes (i.e., TMS) were determined from regressions based on species means and estimated to be 0.201 ± 0.07 (± 95% CI) for TRL and 0.155 ± 0.04 for LKH. Slopes did not differ between sites, i.e., there was no interaction for [Hg] between sites and δ 15 N as co-variate; ANCOVA F = 1.41; df = 1, 62; p = 0.24). When TMS were recalculated without invertebrate data, slopes increased to 0.235 ± 0.08 for TRL and 0.178 ± 0.06 for LKH.
Discussion
The biota from the present study contained [Hg] within the range of levels reported from previous surveys done in the Florida Keys (Strom et al. 1992; Adams et al. 2003; Huge et al. 2014; Tremain and O'Donnell 2014) . Comparisons must be done with caution, however, due to differences in analytical methods, differences in species sampled and differences in size ranges of captured fish. For example, while the present study focused on sampling the entire food web, Adams et al. (2003) targeted game fish that are commonly harvested for human consumption. Furthermore, their study employed wet acid digestion rather than the thermal decomposition that was used in the present study. To improve comparability between the two analytical methods, data from Adams et al. (2003) (Huge et al. 2014; Tremain and O'Donnell 2014) . Biota from the Keys also had [Hg] within the of range of levels reported in fishes collected from other areas of south Florida (Evans and Crumley 2005; Rumbold et al. 2018) . For example, several fishes in the present study contained higher [Hg] than levels reported in conspecifics (e.g., Atlantic spadefish, gray snapper, lane snapper, leatherjacket) sampled at the mouth of Shark River Estuary in the coastal Everglades (Rumbold et al. 2018) . Alternatively, gray snapper from nearby eastern Florida Bay contained much higher [Hg] (485 ng/g ± 132 ng/g Hg, Evans and Crumley 2005) . Florida Bay has, however, been characterized as a Hg hotspot (Rumbold et al. 2011 ). This characterization was recently supported by a study by Damseaux et al. (2017) that found [Hg] in bottlenose dolphins (Tursiops truncatus) to be higher in Florida Bay than the Keys and higher than levels reported in dolphins in the southeastern United States.
Nonetheless, the biota from the Keys contained higher [Hg] than levels reported from a limited number of surveys of reef biota from other locations (Plessi et al. 2001; a Total mercury in fish, methylmercury in invertebrates CV, coefficient of variation; S, suspension feeder, O, omnivore; PL, planktivore; H, herbivore; IF, invertebrate feeder; P, piscivore Table 2 Metadata for biota collected from Long Key Hard Bottom (LKH) including common name, species, reported feeding guild (adapted from Micheli et al. 2014) , total length, [Hg] , and values for stable isotopes of δ13C and δ15N
Species collected Voegborlo and Akagi 2007; Chouvelon et al. 2009; Morrison et al. 2015) . For example, [Hg] were higher in surgeonfish, goatfish and barracuda in the present study than similar species from fringe reefs in the remote Pacific near the American Samoan island of Tutuila (Morrison et al. 2015 ; after adjusting their wet weight concentrations from CVAF as outlined above). Likewise, chubs (Kyphosidae) and groupers (Serranidae) in the present study had high [Hg] than fishes surveyed along the coast of New Caledonia, despite being near potential point sources (Chouvelon et al. 2009 ). It also is noteworthy that ten fish species from the Keys, including the porkfish and barracuda, contained [Hg] high enough to be of concern for human consumption (i.e., ≥ 300 ng/g, USEPA 2001; Tables 1 and 2 ).
The objective of this study was not simply to survey [Hg] in a few top predators and compare values to other areas but instead to examine the efficiency of biomagnification through the entire food web. As reasoned previously, with their high biodiversity, coral reef communities would seem an excellent choice to test the influence that structurally complex food webs with many lateral links has on Hg biomagnification. The trophic magnification slopes (TMS), as a measure of Hg biomagnification efficiency through the entire food web, were estimated to be 0.201 ± 0.07 and 0.155 ± 0.04 and did not differ between sites (when based on species means). Although slopes based on individual data points differed statistically, the regression for the LKH site was thought to be subject to sampling bias from fewer herbivores and piscivores at the bottom and top of the food web, respectively, whereas the slope at TRL was likely influenced heavily by the large number of sampled piscivores (particularly the barracuda). Accordingly, more weight was placed on the slopes based on species means at TRL.
The slopes from the present study were shallower than TMS values for food webs from Sarasota Bay (i.e., 0.27, Hong et al. 2013) , near coastal waters off southwest Florida (i.e., 0.207, Thera and Rumbold 2014) and Shark River Estuary (0.23-0.241, Rumbold et al. 2018) , although confidence intervals clearly overlapped. In their early review of the literature, Riget et al. (2007) noted the similarity in estimates of biomagnification efficiency among different ecosystems despite natural variability and differences among studies. This led some authors to suggest that spatial variation observed in bioaccumulated Hg may largely be a result of variability in the amount of MeHg entering the base of the food web (Riget et al. 2007; Chasar et al. 2009 ). Lavoie et al. (2013) were able to discern statistically significant patterns in TMS values from their worldwide meta-analysis (and resulting large data set), with higher values at polar and temperate sites compared with tropical sites. They speculated that, among other factors, low species diversity, and simpler food webs at higher latitudes might lead to higher Hg biomagnification (Lavoie et al. 2013 1.23 mean (± 1 SD) TMS of 0.20 ± 0.10 for all marine sites and 0.16 ± 0.08 for just tropical marine sites (Lavoie et al. 2013) that are not appreciably different from the slopes observed here. Therefore, the results of the present study do not allow us to reject our null hypothesis that the TMS of a coral reef food web would not differ from other ecosystems.
Mercury biomagnification is affected by other variables besides species diversity, including food chain length and in situ physico-chemistry, e.g., nutrients, productivity, temperature, DOC (Watras et al. 1998; Pickhardt et al. 2002; Dittman and Driscoll 2009 ). Thus, the present study may not have been the best test of this hypothesis. For example, the length of the food chains in the present study appeared to be longer than other regional food chains based on range in δ 15 N (Chasar et al. 2009; Hong et al. 2013; Thera and Rumbold 2014; Rumbold et al. 2018 ) and based on average range in trophic levels reported from the worldwide, metaanalysis by Lavoie et al. (2013;  1.7 ± 0.7 vs. 2.8 estimated for the present study using their Eq. 2). It is unclear whether a longer food chain may have offset any affect that increased feeding links between species may have had. Moreover, as mentioned previously, coral reefs are thought to be unusually efficient at retaining and recycling nutrients (Odum and Odum 1955; Johannes et al. 1972) . Johannes et al. (1972) , for example, found phosphorus recycling in coral communities "unusually efficient." Is it possible these adaptations allow them to retain and recycle other substrates, such as Hg, thereby increasing the biomagnification efficiency. Clearly, we need more replicate studies on coral reefs before we can accept the null hypothesis. As mentioned previously, the amount of Hg entering the base of the food web may play a dominant role in determining how much is biomagnified up to top predators. The present study gauged basal Hg from [Hg] observed in suspension feeding bivalves that ranged from 34.32 ± 4.0 to 39.57 ± 10.2 ng/g (wet wt.) and which did not differ between sites. The [Hg] in these bivalves was relatively high compared with reports for bivalves from Sarasota Bay (7.1-13.4 ng/g wet wt.; Hong et al. 2013) , hard-bottom habitat in near-coastal waters off SW Florida (8 ng/g wet wt.; Thera and Rumbold 2014), and Shark River Estuary (8.6-26 ng/g wet wt. Rumbold et al. 2018) . It is well established that atmospheric deposition of Hg is high in south Florida (Rumbold et al. 2011) , although wet deposition is somewhat lower in the Keys (Guentzel et al. 2001) . Nonetheless, the [Hg] estimated to be entering the base of these food webs in hard-bottom and carbonate-sand environments is surprisingly high considering the influential factors thought to be affecting the activity of the methylating bacteria in sediments (for review, see Hollweg et al. 2010) .
Another interesting and unexpected finding in the present study was the elevated [Hg] in the relatively small porkfish that often exceeded levels observed in much larger top predators, such as the great barracuda. Interestingly, porkfish have been reported participating in cleaning behavior (i.e., picking off and "cleaning" parasites off other fish) as juveniles but eventually change their feeding strategy (Bohlke and Chaplin 1968; Brockmann and Hailman 1976; Sazima et al. 2010) . A diet associated with cleaning behavior was supported in the present study by finding harpacticoid copepods (possibly parasitic) in the stomach of the one porkfish. One could speculate that while acting as a cleaner fish, juvenile porkfish may have higher Hg exposure compared to older (larger) porkfish that no longer act as cleaners; smaller porkfish in the present study tended to have higher [Hg] than larger porkfish.
Clearly, this study had several limitations and has left many questions unanswered. First, like many other studies (e.g., 127 studies summarized in Lavoie et al. 2013) , we quantified biomagnification and TMS based on totalHg rather than MeHg. As previously discussed, %MeHg is known to vary depending on tissue type, trophic level and [Hg] (Wiener et al. 2003; Seixas et al. 2013; Morrison et al. 2015) . Thus, this continued reliance on total-Hg as a proxy of MeHg introduced uncertainty and variance in the TMS. Nonetheless, the results of this study will hopefully stimulate and inform the design of future research. These future studies should be based on MeHg rather than total-Hg, target more invertebrates possibly including coral tissues and strive for more balanced sampling. Moreover, natural variability could be better controlled by targeting certain size fish or collecting sufficient samples and size ranges to allow for ANCOVA, perhaps targeting primary reef species over in-shore species. Continued monitoring of Hg levels in these predatory fish, especially species targeted by recreational anglers, is warranted, because [Hg] in ten species exceeded the benchmark for issuing consumption advisories. The source of the MeHg entering the base of the food web should be determined. At this point, there is no information on whether mercury methylation occurred in the calcium carbonate sediments; however, we cannot rule it out nor rule out the possibility that methylation might be occurring in the water column or even within sponges for that matter (cf. Hoffmann et al. 2009 ). Finally, the surprisingly high [Hg] in the porkfish also warrants attention for future studies to determine if the levels were a result of the cleaner behavior.
